In neonatal life the correlations between plasma hormone concentrations and growth are more or less strict. These levels depend on the kinetic factors of hormone metabolism whose correlation to growth has been studied. The mode ot action of some hormonal treatments and the effect of selection on some hormonal balances are also discussed.
growth hormone (GH) and the placental somatotropic or lactogenic hormone (CS or PL) during fetal life is emphasized. The relations between these hormones, somatomedins and fetal development are reviewed in detail : thyroid hormones and estrogens as well as insulin may also play a role in fetal development.
In neonatal life the correlations between plasma hormone concentrations and growth are more or less strict. These levels depend on the kinetic factors of hormone metabolism whose correlation to growth has been studied. The mode ot action of some hormonal treatments and the effect of selection on some hormonal balances are also discussed.
In the third part of this report, a critical study indicates the limitations in investigations on growth endocrinology. Special attention has been given to the problem of hormone level fluctuations in relation to plane of nutrition, stress, light/dark cycle, as well as to the paucity of data on growth peptides and the limitations of assay methods.
Introduction.
Fetal and postnatal growth depends on many elements, some of which, such as nutrition and genetic factors, rearing conditions and hormones, play a key role. In this report, we only consider the hormonal factors, emphasizing the correlations and interrelations between hormone levels or some parameters of their patterns, and certain aspects of the growth and development of domestic animals.
Pituitary gland and its hormones. The effects of hypophysectomy vary with breed and age at the time of the operation.
In the chicken, early hypophysectomy after hatching causes a high mortality, and at 50 days slows down ponderal growth (Goussopoulos, 1978) . If carried out later, animal growth is also retarded but prolonged beyond that of the controls, so that the operated animals catch up to, or even exceed, the controls.
During fetal life, hypophysectomy does not cause an arrest of growth in the rabbit (Jost, 1947) or the sheep (Liggins and Kennedy, 1968 ; Barnes et a/., 1976) . After birth, pituitary regulation of ponderal growth in the rabbit only reaches its full efficiency from about 100 days onwards (Vezinhet, 1968b) . In the lamb, this regulation occurs earlier because hypophysectomy causes growth to stop at 25 days of age (Vezinhet, 1968at 1976 . However, these effects on ponderal growth give no indication of the relative development of different tissues.
In the species studied in which hypophysectomy is performed after birth, the adipose deposits increase spectacularly relative to the liveweight, and their development in relation to the total adipose mass is similar in the controls and the operated animals, except for the perirenal deposits which develop relatively more after the operation in the lamb and rabbit (Vezinhet, 1976) . As concerns other tissues, hypophysectomy usually slows down skeletal development, while the relative growth of the muscular mass is either retarded in the chicken and before 100 days in the rabbit, or arrested in the rabbit after 100 days and in the lamb (Vezinhet, 1976) . The quantity of DNA ceases to increase in the hypophysectomized rabbit, indicating an arrest of muscle nucleus multiplication (Cordesse, 1979) .
Some of the differences in the tissular development of hypophysectomized animals as compared to the controls evidence the effects of the operation on metabolisms.
Thus, the adiposity of hypophysectomized rabbits is due rather to a decrement of lipolysis than to increased lipogenesis. Reduced lipolytic activity in the lamb may even compensate for a slowing down of lipogenesis (Vezinhet, 1976) .
These effects of hypophysectomy could result either from the direct effects of some pituitary hormones or from the decreased secretion of pituitary-dependent endocrine glands.
Among these hormones, pituitary GH or growth hormone is particularly interesting. A chronic treatment of bGH (bovine growth hormone) clearly improvesthe weight gain of hypophysectomized lambs, being about that of the controls (Vezinhet and Dauzier, 1970 ; Vezinhet, 1976) . In these lambs, bGH reestablishes muscular and bone growth similar to that in normal animals, and it considerably reduces adipose stores. On the other hand, bGH has no effect on the ponderal growth of normal lambs (Vezinhet, 1973) .
In hypophysectomized rabbits older than 100 days, bGH is inactive for reasons which may be imputed to its specificity. In fact, pGH (porcine growth hormone), which is similar to rabbit GH, tends to reduce the adipose stores of the hypophysectomized rabbit (Vezinhet, 1976) . These lipolytic effects are seen in vivo after acute bGH treatment of lambs and pGH treatment of rabbits ; on the other hand, bGH used on rabbits does not triggor a release of the free fatty acids in the blood.
pGH in vitro has also proved to be lypolytic on rabbit adipocytes. On the contrary, bHG shows no lypolytic action in vitro on either rabbit or lamb adipocytes (Vezinhet, 1976 (Martal and Djiane, 1977a ; Martal, 1978) .
Besides somatotropic hormones, prolactin has been found to have some anabolizing properties when injected into rats, increasing the weight of puberal females (Reisfeld et al., 1961 ; Bates et al., 1964) , and augmenting protein synthesis in the diaphragm of hypophysectomized rats incubated in vitro (Hamid et al., 1965) . It Pelletier, 1973 ; Forbes et al., 1975 ; cattle : Peters and Tucker, 1978) Contrary to GH, prolactin has no effect on serum free fatty acids or aminoprotein concentrations in cattle and sheep (Manns and Boda, 1965) .
Besides stimulating the adrenal cortex, ACTH has a distinctly lipolytic effect in the rabbit, and according to Desbals (1962) , it would be the typical lipolytic hormone of that species. Other than its considerable action on lipid metabolism, ACTH would affect carbohydrate metabolism by inducing hypoglycemia and hepatic neoglucogenes apparently by triggering insulin secretion (Desbals, 1967) .
The pituitary may also act indirectly by mediating the activity of some endocrine glands.
The thyroid and its hormones. Thyroidectomy of the sheep fetus retards growth and ossification, development of the skeleton and secondary skin follicles and causes muscular weakness (Erenberg et al., 1974 ; Thorburn, 1974) (Jost, 1977) . Thyroidectomy after birth also retards the growth of lambs (Falconer and Draper, 1968) (Spurlock and Clegg, 1962 ; Clark et al., 1963 ; Carroll et al., 1963 in bull calves). This increase in adiposity could be due to hyperglycemia and hyperinsulinemia caused by the injections (Bassett and Wallace, 1967 ; Bassett, 1968) .
Gonads and sex steroids. Castration has been practised since the beginning of animal domestication.
The growth rate of steers is lower than that of bulls, the difference varying with the breed, rearing conditions and plane of nutrition (Turton, 1969 As concerns sex hormones, the anabolizing role of androgens is well known in the rat through the works of Scow (1964), Kochakian (1965 Kochakian ( , 1966 and Krieg and Voigt (1976) . Besides (Salter and Best, 1953) . This weight increment would mostly result from fat accumulation, but also from increased protein retention. Moreover, insulin is necessary if GH anabolizing action is to be effective (Daughaday et al., 1976) . To illustrate this, babies of diabetic women frequently have a high weight, indicating that insulin may play a role in fetal growth.
( 1 ) 17P acetoxy-3 oxo 4,9 (10) 11 (12) Martal (1978) , experimenting with sheep, shows close correspondance between fetal weight and the sum of oGH and oCS « growth activities because the total plasma oGH and oCS concentrations remain constant at about 200 ng/ml from day 60 of fetal life (Martal, 1979) . At first, oCS « growth activity » is predominant since it appears from day 16-17 in the trophoblasts (Martal and Djiane, 1977) . The fetal plasma oCS concentration then increases, reaching a maximum towards day 120 of fetal life (Djiane and Kann, 1975 ). oGH appears later in the pituitary and the fetal plasma at about day 50 (Stokes and Boda, 1968) . Its plasma concentrations increase to reach a maximum between days 130 and 140 of fetal life (Bassett et al., , 1973 Alexander et al., 1974 ; Bassett and Madill, 1974 ; Gluckman et al., 1979) . Thus, while at day 60 « fetal growth activity » is predominantly oCS, at day 120 plasma oGH concentration is about one-third that of oCS and at birth it is about one-half (Martal, 1979 (Dubois, 1971) .
Cs, which has growth and lactogenic activity, is found in pregnant ruminant and primate females, but is absent in other species such as the pig, dog and cat (Martal, 1979) .
Finally, a positive correlation has been found between somatomedin P (Gluckman and Brinsmead, 1976) Owing to its effects on skeletal development, somatomedin may also be involved.
In fact, somatomedin P concentration, which does not vary during the last quarter of ovine fetal life, decreases after fetal hypophysectomy : 0.31 V glml instead of 0.91 yg/ml in the controls . . Decreasing the placental surface might cause a decline in oCS secretion which would explain the drop in somatomedin content .
The relations between thyroid activity and fetal growth have been evidenced by fetal thyroidectomy, since many studies on the ewe have shown the placenta to be impermeable to thyroid hormones (Nathanielsz et al., 1973a ; Thorburn and Hopkins, 1973 ; Mellor et al., 1976) .
The fetal sheep thyroid begins to bind iodine from day 50 of fetal life (Fisher et at., 1977) . Thyroxinemia is at first low, then augments at 100 days to values higher than the maternal ones ; it remains high until day 135 of about a 145-day pregnancy. On the other hand, triiodothyronine, which is detectable just before birth, increases rapidly during the first postnatal days (Nathanielsz et al., 1973b) .
In the bovine fetus during the last trimester of fetal live, plasma thyroxine concentration is clearly higher than in the dam ; fair amounts of triiodothyronine are also found (Strbak et al., 1976) .
Fetal thyroidectomy in sheep caused a drop in thyroxinemia and extended pregnancy ; ponderal growth also slowed down and the appearance of ossification centers was retarded. These effects disappeared after thyroxine treatment (Hopkins and Thorburn, 1972 ; Thorburn, 1974 ; Robinson et al., 1978) . The fetuses also had shorter legs but the same trunk length as the controls, and died after birth since they could not suckle or stand up and the thermoregulatory system did not function.
These data differ from those obtained on the rabbit (Jost, 1971 (Jost, , 1977 (Caton ef al., 1974 ; Barron, 1978) and increase liver weight. Moreover, they would influence mammary gland development, thus explaining the relation between the total plasma estrogens of the pregnant female and the milk production after parturition (Terqui, 1978) .
The role of insulin is suggested by some observations on humans and rats. In fact, the children of diabetic mothers often have a higher-than-normal weight may be due to fat accumulation (Cardell,1953 (Shelley, 1973 ; Bassett et al., 1973 ; Alexander et al., 1973) ; there would be less response to an increase of fructosemia (Bassett et al., 1973) . Robinson et al. (1976 Robinson et al. ( ,1977 Hansel, 1956 ; Hafs et al., 1971 ;  sheep : Charrier, 1973 ). The ratio : amount of pituitary GH/body weight is maximum at birth and decreases rather rapidly with the age of the calf (Curl et at., 1968), sheep (Charrier, 1973) In the rabbit, serum somatomedin A level augments from postnatal day 3, increasing from 0.5 f -lgfml at 10 days to 1 yg/ml at 180 days (Charrier, 1978) . Between birth and 2 days, the serum inhibits somatomedin A effect ; this point will be discussed later. Hall and Filipsson (1975) (Johns and Bergen, 1976) and in weaned cattle Trenkle and Topel, 1978 (Reklewska, 1975) and calves or in the first few postnatal days in pigs (Slebodzinski, 1965) .
After this initial increment, it decreases ; another decline is observed after weaning. In the lamb (Reklewska, 1975) , thyroxinemia then reaches levels comparable to those of the adult. In the calf, on the other hand, it is elevated after 6 weeks, being 80 p. 100 higher in the adult than at 6 weeks.
The thyroxine/triiodothyronine ratio in the calf is modified, increasing from 27 at birth to 55 at 6 weeks and to 37.5 at 22 weeks The mode of action of two hormonal treatments has been studied ; one treatment used sex steroids, the other TRH (thyrotropin releasing hormone).
As mentioned earlier, some sex steroids (diethylstibestrol, melengestrol acetate, for example) have a growth effect which is marked in castrated male cattle, less evident in females, and weak in intact males. In an attempt to determine the mode of action of these steroids, had not been selected for backfat thickness. When weaned at about 8 weeks old, the fat animals of both breeds had the lowest serum GH content ; the differences still persisted at slaughter although they were less (table 4) .
(From Althen and Gerrits, 1976.) In a second experiment, the same authors tried to determine the influence of selection on the rates of GH secretion and metabolic clearance in Duroc pigs, but they could find no differences between fat, lean and control strains.
Lund-Larsen and Bakke (1975) selected two swine strains differing in growth rate> carcass length and fat thickness. The lean animals grew faster, had a longer carcass than the fat ones, and were characterized by the highest serum GH and somatomedin levels. Moreover, these pigs had a higher triiodothyronine level. The thyroxine level was also higher, but only at 20 kg of liveweight (Bakke and Tveit. 1977) . Wood et al. (1977) (Ashmore, 1974 Forbes, 1978) . However, these fluctuations are less marked than in humans or rats (Wagner and Oxenreider, 1972 ; Trenkle, 1977 ; Trenkle and Topel, 1978) .
In ruminants, the GH concentration varies with a certain number of factors, and after a meal a different pattern is obtained in the suckling young than in adults (Bassett, 1974a, b (Van Wyk et al., 1973 Rinderknecht and Humbel (1978a, b) . Their primary structure is similar to that of proinsulin (Zapf et al., 1978a, b (Zapf et al., 1978) .
Moreover, there may be one or more serum peptide inhibitors. Charrier (1978) showed that young rabbit serum contained one or more substances inhibiting somatomedin A from 2 days before birth to 2 days after. These inhibitory substances would also be found in the serum of children or rats suffering from denutrition where « somatomedin » activity is low or non-existent in spite of high plasma GH content (Van Den Brande and Du Caju, 1973 ; Salmon, 1975 (Guillemin, 1978) .
The main gastrointestinal hormones can be divided into two large families which have an analogous structure and interact antagonistically (Track, 1977 ; Grossman, 1977 ; Johnson, 1977 ; Brown and Otte, 1978 
